This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 


BEST AVAILABLE IMAGES 

Defective images within this document are accurate representation of 
The original documents submitted by the apphcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLECroLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 


As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 


(19) 


J) 


Europaisches Patentamt 
European Patent Otfice 
Office europeen des brevets 


(12) 


(88) Date of publication A3: 

16.12.1998 Bulletin 1998/51 

(43) Date of publication A2: 

07.01.1998 Bulletin 1998/02 

(21) Applicatbn number: 97304015.7 

(22) Date of filing: 10.06.1997 


(11) EP 0 817 300 A3 

EUROPEAN PATENT APPLICATION 

(51) intci6: H01M 10/40, H01M4/50 


(84) Designated Contracting States; 

• Mori, Tatsuo 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 

Ibaraki City 567 (JP) 

NL PT SE 

• Asaka, EmI 


TakatuskI City 569 (JP) 

(30) Priority: 04.07.1996 JP 175100/96 

• Kaklnuma, Akira 


Joto-ku, Osaka City 536 (JP) 

(71 ) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 


CO., LTD. 

(74) Representative: Nachshen, Neil Jacob et al 

Kadoma-shi, Osaka-fu, 571 (JP) 

D Young & Co 


21 New Fetter Lane 

(72) Inventors: 

London EC4A IDA (GB) 

• Koshiba, Nobuharu 


Ikoma-gun, Nara Prof., 636 (JP) 



(54) Organic electrolyte lithium secondary battery 


(57) The invention provides a lithium secondary bat- 
tery with improved withstanding overcharge and over- 
discharge characteristics which employs a cathode ac- 
tive material of lithium-containing manganese dioxide 
having a crystal structure of the Ramsdellite-type. An 


electrolyte combined with the cathode includes LiN 
(CF3S02)2 as a solute. The solute is preferably dis- 
solved in ethylene carbonate. A graphite or LiAl alloy is 
applied for an anode. LiAl alloy is corrosion -resistant, 
thereby improving high temperature as weli as charge- 
discharge cycle life characteristics. 


CO 
< 

o 
o 

CO 

oo 
o 

Q. 

LU 


Pmted by Jouve. 7S001 PARJS (FR) 


EP 0 817 300 A3 


European Patent guROPEAN SEARCH REPORT 

Office EP 97 30 4015 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Categor> 

Citation ol document with indication, where appropriate, 
of relevant passages 

Relevant 
to claim 

CLASSIFICATION OF THE 
APPLtCATION (inl.a.B) 

A 
A 

A 

i 

i 

1 

A 
A 

FR 2 677 636 A (TECHNOLOGY FINANCE CORP) 

18 December 1992 

* page 1, line 20 - line 36 * 

* page 4, 1 ine 17 - 1 1 ne 31 * 

* page 6; example 1 * 

* claims 1-22 * 

WO 95 05684 A (CANADA NAT RES COUNCIL 
;DAVIOSON ISOBEL J (CA); MCMILLAN 
RODERICK) 23 February 1995 

* page 2, line 9 - line 14 * 
+ page 6, line 1 - 1 ine 11 * 

* page 7, line 19 - line 20 * 

* page 10 - page 11; example 2 * 

* claims 1-8 ♦ 

THACKERAY M M ET AL: "RAMSDELLITE-MN02 

FOR LITHIUM BATTERIES: THE RAHSOELLITE TO 

SPINEL TRANSFORMATION" 

ELECTROCHIMICA ACTA, 

vol. 38. no. 9, 1 June 1993, pages 

1259-1267, XP000380769 

* page 1260 - page 1266 * 

PATENT ABSTRACTS. OF JAPAN 

vol, 096, no. 006. 28 June 1996 

& JP 08 031452 A (MATSUSHITA ELECTRIC INO 

CO LTD). 2 February 1996 

* abstract ♦ 

EP 0 541 889 A (SANYO ELECTRIC CO) 

19 May 1993 

* page 2, line 1 - line 3 + 

* page 2. line 31 - line 36 * 

* page 24; example 22 * 

* claims 1.2,6,10,11.25 * 

1-3 
I-IO 

1 

1,9.10 
1-8 

HOlMiO/40 ' 
H01M4/5O' ' ■ 

TECHNICAL FietOS 
SEARCHED (lnt.Ct.6) 

HOIM 

The present search report has been drawn up tor all ctatms 

PtacArtsaaxti j OateotasmptBOonotmsawdi Ejuminsr 

THE HAGUE | 22 October 1998 Gamez, A 

CATEGORY OF CITED DOCUMENTS T theory of pnncipte und«rtying the invention 

E : patent documwiL but pU>l»tied on. or 
X : pantcutarty relevant i taken alone aner the Itlii^ date 
Y ; panicutafty ratevant it comt>ined wdh another 0 : document dted in the applleation 
(jocument ot the same category L : documem dted tor other reasons 

0 : nofrwrinen dsdosure 4 : merrfcar ot the same patent tamHy. correspoftdtfig 
P : (TTtefmediaie document document 


(19) 


J 


Europaisches Pater*nmt 
European Patent Oiuce 
Office europeen des brevets 


(12) 


(43) Date of publication: 

07.01.1998 Bulletin 1998/02 

(21) Applicatbn number: 97304015.7 

(22) Date of filing: 10.06.1997 


(11) BP 0 817300 A2 

EUROPEAN PATENT APPLICATION 

(51) intci.6: H01M 10/40, HOI M 4/50 


(84) Designated Contracting States: 

• Mori, Tatsuo 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 

Ibaraki City 567 (JP) 

NL PT SE 

• Asaka, Emi 


Takatuski City 569 (JP) 

(30) Priority: 04.07.1996 JP 175100/96 

• Kakinuma, Akira 


Joto-ku, Osaka City 536 (JP) 

(71 ) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 


CO., LTD. 

(74) Representative: Nachshen, Neil Jacob et al 

Kadoma-shI, Osaka-fu, 571 (JP) 

D Young & Co 


21 New Fetter Lane 

(72) Inventors: 

London EC4A1DA (GB) 

• Koshlba, Nobuharu 


Ikoma-gun, Nara Pref., 636 (JP) 



(54) Organic electrolyte lithium secondary battery 


(57) The invention provides a lithium secondary bat- 
tery with improved withstanding overcharge and over- 
discharge characteristics which employs a cathode ac- 
tive material of lithium-containing manganese dioxide 
having a crystal structure of the Ramsde I lite-type. An 


electrolyte combined with the cathode includes LiN 
(CF3S02)2 as a solute. The solute Is preferably dis- 
solved in ethylene carbonate. A graphite or LiAl alloy Is 
applied for an anode. LiAl alloy is corrosion-resistant, 
thereby improving high temperature as well as charge- 
discharge cycle life characteristics. 


CM 
< 
O 

o 

CO 
GO 

o 

LU 


Prntedby Jouvo. 7S001 PARIS (FR) 


EP 0 817 300 A2 



Description 

Background to the Invention 

5 The present invention relates to a lithium secondary battery including an organic electrolyte used for a primary or 

back-up power source of electronic appliances. The term "battery* used herein includes single cells as well as plural 
cell arrangements. 

Batteries including an organic electrolyte generally have a high energy density With the use of such organic elec- 
trolyte batteries, it Is therefore, possible to make the electronic appliances compact and light and provide them with a 

10 long storage characteristic free from a risk of leakage of electrolyte. From the above, there is an increasing demand 
for such organic electrolyte batteries as a primary or memory back-up power source for various electronic appliances, 
batteries used for such purpose are unchargeable primary batteries. With the remarkable development in handy elec- 
tronic appliances^ however, there has been a great demand currently for the secondary batteries that effectively utilize 
advantageous characteristics inherent to the organic electrolyte, in order to have more compact and cost-effective 

15 electronic appliances free from a burden of laborious maintenance. Under these circumstances, vigorous research 
and development has been undertaken on organic electrolyte secondary batteries. Although some of them have been 
put into practical use. further modification or improvement is needed to provide more optimal organic electrolyte sec- 
ondary batteries. 

Conventionally, metallic lithium or an alloy of lithium with lead or aluminum has been focused on as an anode for 
20 such organic electrolyte secondary batteries. With the advent of an anode of carbon that intercalates and deintercalates 
lithium, charge-discharge cycle performance of the batteries has been improved greatly It was attempted in the Jap- 
anese Laid-open Patent Publication Hei 2-49364 to apply a transition metal oxide for the anode. According to this prior 
art, the oxide stabilizes the charge-discharge cycle performance of the batteries for a long time. 

On the other hand, extensive research has been made on the availability of metal oxides, such as VgOg, Nb205. 
25 Mn02. LiCoOg, LiNi02, LiMn204 and the like, as cathode active materials that intercalate and deintercalate lithium 
between crystal layers, crystal lattice positions, or lattbe spaces. 

Various known electrolytes include lithium salts, such as LiC104, LiCFaSOg, LiPFg and the like, and mixture solvents 
comprising propylene carbonate or butylene carbonate and a low viscosity solvent, such as 1 ,2-dimethoxy ethane or 
dimethyl carbonate. 

30 Various combinations of the above-mentioned anodes, cathode materials and electrolytes can give organic elec- 

trolyte lithium secondary batteries with an adequate charge-discharge cycle life. In fact, some of them are in practical 
use. Although some of the secondary batteries assembled from these combinations seem to have reached a substan- 
tially satisfactory level in terms of storage performance, their characteristics as a secondary battery are not satisfactory 
enough and further improvement in this regard has been hoped for. 

3S 

BRIEF SUf^MARY OF THE INVENTION 

Thus, the present invention relates to provide an organic electrolyte lithium secondary battery comprising a cathode 
of a lithium-containing manganese oxide and an anode of lithium, a lithium alloy or a graphite which has improved 
^0 charge-discharge cycle performance. 

Another object of the present invention is to improve withstanding overcharge and overdischarge characteristics 
of the organic electrolyte lithium secondary battery. 

The present invention provides an organic electrolyte lithium secondary battery comprising a cathode of a lithium- 
containing manganese oxide, an anode of a graphite that intercalates and deintercalates lithium, and an organic elec- 
^5 trotyte, wherein the lithium-containing manganese oxide contains lithiated manganese dioxide having a crystal structure 
of the Ramsdellite-type, and the organic electrolyte comprises an organic solvent dissolving lithium perfluoromethyl- 
sulfonylimide represented by LiN(CF3S02)2. 

In a preferred embodiment of the present invention, complete lithiated manganese dioxide having the crystal struc- 
ture of the Ramsdellite-type was used as the cathode active material. Mixed crystalline forms of various lithium-con- 
50 taining manganese oxides, such as LiMn204, Li2Mn03, Li4/3Mn5/304 or the like, may also be used. 

In a further preferred embodiment of the present invention, the solvent for the organic electrolyte is an ethylene 
carbonate-based mixture solvent consisting of not less than two components. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

55 

FIG. 1 is a schematic longitudinal cross-sectional view of a coin-shaped lithium secondary battery of one example 
in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

One example of the lithiated manganese dioxide having the crystal structure of the Ramsdellite-type is disclosed 
in Jap. J. Electrochemistry (Vol. 64, No. 2. 1996). Such lithiated manganese dioxide can be synthesized by a process 

5 of baking a mixture of LtNOj and MnOa at a temperature of 300 to 350''C. LiT;3Mn02 is one representative example, 
which has an X-ray powder diffraction pattern substantially overlapping that of manganese dioxide having the crystal 
structure of the Ramsdellite-type shown on the Joint Committee on Powder Diffraction Standards (JCPDS), Card No. 
7-222. The Lii/3Mn02 is attractive because it has a potential of about 3 V vs. Li and a high capacity density of electricity 
of 180 to 200 mAh/g. This lithiated manganese dioxide, however, is rather unsatisfactory in terms of charge-discharge 

10 cycle performance and in withstanding overcharge and overdischarge characteristics. In order to improve these char- 
acteristics, the selection of an electrolyte compatible to this lithiated manganese dioxide is significant. 

It has therefore been obsen/ed that a combination of an organic electrolyte comprising an organic solvent dissolving 
a lithium salt LiN(CF3S02)2. the cathode comprising lithiated manganese dioxide having the crystal structure of the 
Ramsdellite-type fully exerts its advantageous characteristics. The present invention is based on this discovery. 

^5 The inventors examined various possibilities of LiN(CF3S02)2 as a solute for organic electrolytes. As a result, it 

was found that an electrolyte comprising an organic solvent dissolving this solute causes smooth movement of lithium 
ions induced by charge/discharge, and holds exceptional stability even when the electrolyte is exposed to a high tem- 
perature of 60"C or applied with a voltage of about 3.5 V, but is easy to decompose if applied with a voltage of about 
4 V, and becomes unstable. 

20 Compatibilily of this solute with the cathode was further examined. As a result, it was revealed that the solute has 

satisfactory compatibility with substances having a potential of not more than 3.5 V vs. Li, such as LiMn02, 3-V class 
LiMn204, Li4/3Mn5/304, Mn02, TiSg, Nb205, WO3 and WO2. It was found that particularly in combination with 3-V class 
manganese oxides including lithiated manganese dioxide having the crystal structure of the Ramsdellite-type, the 
solute effectively improves the charge-discharge cycle life and withstanding overcharge characteristic at the voltage 

25 of not more than 

3.5.V. It is believed that the solute LiN(CF3S02)2 remains stable at a high temperature or against application of 
the voltage of not more than 3.5 V, and has a protective effect on unstable manganese. 

The use of a mixture solvent containing ethylene cartxjnate comprising not less than 2 components for the organic 
solvent leads to effective suppression of gas evolution due to the decomposition of the electrolyte in contact with the 
30 conductive agent carbon upon exposure to a high temperature. Thus the reliability of batteries during high temperature 
storage can be improved. 

Carbonates, such as butylene carbonate, propylene carbonate and the like, and low viscosity organic solvents, 
such as ethers including 1,2-dimethoxyethane, dimethyl carbonate and the like, may be used as the solvent mixed 
with ethylene carbonate. 

3^ Suitable materials for use as the anode include, metallic lithium, lithium alloys, or graphite intercalating and dein- 

tercalating lithium. It has been pointed out recently that a lithium salt LiN(CF3S02)2 causes corrosion of Al. However, 
a well-known anode material. LiAl alloy, has no problem in practical use. This is because the potential causing corrosion 
of AI is 4 V or so vs. Li. LiN(CF3S02)2 rather behaves to improve the charge-discharge cycle life of the anode of LiAl 
alloy. In this regard, a combination of the cathode comprising lithiated manganese dioxide having the crystal structure 

-^0 of the Ramsdellite-type, the anode of LiAl alloy and the organic electrolyte dissolving LiN(CF3S02)2 is preferable. If 
graphite is used for the anode. LiN(CF3S02)2 effectively improves charge -discharge performance at a high tempera- 
ture, such as 60**C. The presence of ethylene carbonate in the electrolyte prevents evolution of a gas due to decom- 
position of the electrolyte on the graphite caused by k^w potential. As a result, high reliability of the batteries during 
storage can be obtained. 

^5 In the following, the present invention will be described more specifically by way of the following examples. 

Example 1 

Mn02 was mixed with LiN03 in a molar ratio of 3:1 . The mixture was kept at 260''C for 5 hours. Since L\HO^ was 
50 molten at this stage, it could be impregnated well in Mn02. Then, the resultant mixture was baked preliminarily at 300'*C 
for 5 hours, followed by further baking at 340°C for another 5 hours. This gave Li,/3Mn02 having the crystal structure 
of the FRamsd ell ite -type. A powder of this cathode active material, carbon black as a conductive agent and an aqueous 
dispersion of a potyfluorocarbon resin as a binder were mixed in a weight ratio of 88 : 6 : 6 as solid contents. The 
resultant cathode mixture was molded to a pellet of 16 mm in diameter with a pressure of 2 tons/cm^, and dried at 
55 250**C for 24 hours in a dry atmosphere of not more than 1% humidity, which gave a cathode of Example 1 . 

Separately, aluminum and lithium were molten in an argon atmosphere to make an LiAl alloy The resultant alloy 
was rolled out under the same atmosphere to form a 0.3-mm thick sheet. The sheet was punched out in a disc of 15 
mm in diameter, which gave an anode of Example 1 . 
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Apart from this, a mixture solvent was prepared containing ethylene carbonate (hereafter abbreviated to "EC") and 
1,2-dimethoxyethane (hereafter abbreviated to "DME") in a volumetric ratio of 1 : 1 (EC/DME). another mixture solvent 
containing EC, propylene carbonate (hereafter abbreviated to 'PC) and DME in a volumetric ratio of 1:1:1 (EC/PC/ 
DME). was prepared together with a further solvent containing EC, butylene carbonate (hereafter abbreviated to "BC) 
5 and DME in a volumetric ratio of 1 : 1 : 1 (EC/BC/DI^E). Then, various electrolytes were prepared by dissolving the 
solute LiN(CF3S02)2 in these mixture solvents at a concentration of 1 mol/l. 

FIG. 1 shows a cross-sectional view of a coin-shaped lithium secondary battery assembled with the cathode and 
anode thus obtained. Numeral 1 designates a stainless steel battery case. A cathode 5 is provided at the central part 
of the case and a separator 4 made of polypropylene unwoven fabric is mounted on the cathode. Numeral 2 designates 
10 a stainless steel sealing plate. The sealing plate is installed with an anode 6 made of a lithium-aluminum alloy on the 
medial side and provided with an insulating packing 3 made of polypropylene in the periphery. After the battery case 
1 and the sealing plate 2 were filled with an electrolyte, they were combined together and assembled in a sealed battery. 
The sealed battery thus prepared has a diameter of 20.0 mm and a thickness of 2.0 mm. 

Batteries comprising electrolytes containing organic mixture solvents of EC/DME, EC/PC/DME and EC/BC/DME 
15 are named "A", 'B' and "C", respectively The battery using the electrolyte prepared by dissolving LiN(CF3S02)2 in 
PC/DME (1 : 1 in a volumetric ratio) at a concentration of 1 mol/l is named "D". Similarly those using the electrolytes 
prepared by dissolving LiPFg in EC/DME (1 : 1 In a volumetric ratio) or LiCF3S03 In EC/DME (1 : 1 in a volumetric 
ratio) at a concentration of 1 mol/l are named 'E" and "F", respectively 

20 Example 2 

A graphite powder and a binder of an aqueous dispersion of the polyfluorocarbon resin were mixed in a weight 
ratio of 95 : 5 (as solid contents). The mixture was dried and molded to a pellet of 0.3 mm in thickness and 15 mm in 
diameter. The pellet was bonded with metallic lithium and immersed in the below-mentioned organic electrolyte to 
25 cause the pellet to absorb lithium. This gave an anode. Separate from this, an electrolyte was prepared by dissolving 
LiN(CF3S02)2 in a mixture solvent EC/DME (1 : 1 in a volumetric ratio) at a concentration of 1 mol/l. Then, a battery 
•G" of Example 2 was prepared in the same manner as described in Example 1 , except for the use of the electrolyte 
prepared here. 

For comparison, an additional battery "H* was prepared in the same manner as described in Example 2, except 
30 that LiPFg was used as a solute for the electrolyte. 

Example 3 

LiOH was mixed with MnOa in a molar ratio of 1 : 1. The mixture was heated at 600° C for 5 hours to synthesize 
35 LiMn204. The LiMn204 thus obtained was mixed with Li^^MnOg prepared in Example 1 in a molar ratio of 1 : 1 . Then, 
a battery "r of Example 3 was prepared in the same manner as described in Example 1, except that the mixture thus 
obtained was used as the cathode active material and the electrolyte prepared by dissolving LiN(CF3S02)2 in the 
mixture solvent EC/DME (1 ; 1 in a volumetric ratio) at a concentration of 1 mol/l. 

For comparison, an additionaLbattery "J" was prepared in the same manner as described in Example 3, except 
40 that LiPFg was used as a solute for the electrolyte. 

Example 4 

LiOH was mixed with Mn02 in a molar ratio of 0.8 : 1 . The mixture was heated at 450"C for 5 hours to synthesize 
45 Li4/3Mn5/304. The Li4/3Mn5/304 thus obtained was mixed with Lii/3Mn02 prepared in Example 1 in a molar ratio of 1 : 
1. Then, a battery "K" of Example 4 was prepared in the same manner as described in Example 1, except that the 
mixture thus obtained was used as the cathode active material and the electrolyte prepared by dissolving LiN(CF3S02)2 
in the mixture solvent EC/DME (1 : 1 in a volumetric ratio) ai a concentration of 1 mol/l was used as the electrolyte. 
For comparison, an additional battery "L" was prepared in the same manner as described in Example 4, except 
50 that LiPFg was used as a solute for the electrolyte. 

Batteries 'A" to "F" of Example 1 were subjected to charge-discharge cycle life test, overcharge test at a constant 
voltage, arid overdischarge test. 

The charge-discharge cycle life test was perfonmed at 20'*C with a constant current of 1 mA by setting the upper 
limit of cutoff charge voltage at 3.3 V and the lower limit of cutoff discharge voltage at 2 V. The test was repeated 30 
55 cycles. Table 1 lists the maintenance rate of electric capacity after 30 cycles, calculated by defining the initial electric 
capacity as 100. 
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Table 1 

Dcillc;! y 

Mflintpnanm rate of electric caoacitv aftsr 30 cvcles 

A 


B 

88 

C 

83 

D 

76 

E 

70 

F 

40 


All the batteries "A", "B". and "C substantially maintained more than 80% of the initial electric capacity after 30 
cycles. Although slightly poor; the battery "D" using the electrolyte without EC also maintained an electric capacity 
close to 80% of the initial electric capacity. The battery "E" using the electrolyte containing the solute LiPFg shows a 
relatively satisfactory percentage of 70%. By contrast, the battery "F" using the electrolyte containing the solute 
LiCF3S03 shows a very low percentage of 40%. 

These results indicate that the electrolyte containing the solute LiN(CF3S02)2 effectively improves the charge- 
discharge cycle life. Although the effect was slight, the electrolyte containing EC as the organic solvent was also found 
to improve the cycle life. By contrast, it was noted that the effect of the electrolyte containing the solute LICF3SO3 is 
very poor. 

Next, the cycle life test was performed at 60°C under the same charge-discharge conditions as applied above. 
The results are shown in Table 2. 

After 30 cycles, while all the batteries "A", "B". and "C* show an electric capacity of more than 80% of the initial 
value, the percentage is 60% with the battery "D' and less than 40% with the batteries 'E* and "FV These data indicate 
that while the solute LiN(CF3S02)2 effectively improves the charge-discharge cycle life at a high temperature and the 
solvent EC behaves to stabilize this effect, the.solute LiPFg is affected much by repeated charge-discharge at a high 
temperature. 


Table 2 


30 

Battery 

Maintenance rate of electric capacity after 30 cycles (%) 


A 

83 


B 

85 


C 

81 

35 

D 

60 


E 

36 


F 

33 


Next, the results of the overcharge test will be described. The test was performed in a high temperature atmosphere 
at 60'C while applying a constant voltage of 3.3 V over a period of continuous 60 days. Internal resistance after the 
test was measured at 1 KHz by an AC impedance method. The electric capacity down to a cutoff voltage of 2 V was 
also measured at the constant discharge current of 1 mA. Table 3 lists changes in internal resistance and maintenance 
rate of electric capacity, calculated by defining the respective initial values prior to the test as 100. 


Table 3 


Battery 

Change In internal resistance (%) 

Maintenance rate of electric capacity (%) 

A 

102 

98 

B 

104 

99 

C 

105 

96 

D 

120 

90 

E 

1200 

0 

F 

122 

90 


55 

With respect to the internal resistance, the results show that the batteries "A". "B", and "C" substantially maintained 
the initial value. The battery "D" free from the organic solvent EC shows a 20% increase and the battery "E" using the 
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electrolyte containing the solute LiPFg shows more than a ten-fold increase, compared with the initial value. Whereas, 
the battery "F" using the electrolyte containing LiCFgSOa as the solute shows about a 20% increase. 

With respect to the electric capacity, the results show that the batteries "A', "B". and "C" maintained about 100% 
of the initial value. The batteries "D" and 'F" maintained about 90%, and the battery "E" 0%. 

These results indicate that the electrolyte comprising LiN(CF3S02)2 as the solute is very effective for improving 
the withstanding overcharge characteristic of the batteries. Even better improvement can be obtained by the combined 
use of the organic solvent EC. 

Next, the results of the overdischarge test will be described. The batteries tested were first loaded with 3 and 
kept in situ for consecutive 30 days. After continuous discharge while loading 3 kQ for one day plus, the terminal voltage 
of the batteries dropped to around 0 V. The batteries were then left in situ for 30 days. After the test, the internal 
resistance of each battery was measured at 1 kHz by the AC impedance method. Separately, the batteries were charged 
at a constant voltage of 3.3 V. and then their electric capacity was measured with a constant current of 1 mA down to 
the cutoff voltage of 2 V. Table 4 lists changes in internal resistance and the recovery of electric capacity calculated 
by defining the respective initial values prior to the test as 100. 


Table 4 


Battery 

Change in internal resistance (%) 

Recovery of electric capacity (%) 

A 

102 

97 

B 

103 

98 

C 

106 

96 

b 

106 

95 

E 

210 

70 . 

F 

121 

95 


With respect to the internal resistance, the initial value was substantially retained after the test in the batteries "A", 
"B". "C, and "D". The battery "E' showed about a two-fold increase and the battery "F* about a 20% increase, compared 
with the initial value. 

As to the electric capacity, the initial value was substantially retained after the test in the batteries "A" to 'D' and 
"F". In the battery "E". however, the electric capacity decreased to 70%. compared with the initial value. 

These results indicate that the batteries including LiN(CF3S02)2 or LiCFjSOs stood stable against the overdis- 
charge load. Whereas, the battery including LiPFg shows a slightly large decrease after the discharge test. This may 
be because the solute LiPFg is easy to decompose. 

Next, the batteries "G" and "H" were subjected to the charge-discharge cycle life test at a high temperature of 60'*C 
under the same charge-discharge conditions as applied above. Table 5 lists the maintenance rate of electric capacity 
after 100 cycles. 

The battery "G" of Example 2 in accordance with the present invention maintained 80% of the initial value after 
100 cycles. Whereas, the battery "H" of the comparative example using the electrolyte containing LiPFg as the solute 
showed a significant decrease to 50%. These data may result from the facts that the electrolyte comprising the com- 
bination of the solute LiN(CF3S02)2 and the organic solvent EC was stable also in the battery "G' of Example 2, and 
that the electrolyte including LiPFg was unstable at a high temperature. 


Table 5 


Battery 

Maintenance rate of electric capacity after 100 cycles (%) 

G 
H 

80 
50 


Similariy. the batteries "I" to "L" were subjected to the charge-discharge cycle life test at a high temperature of 
eo^C under the same charge-discharge conditions as applied above. Table 6 lists the results of the maintenance rate 
of electric capacity after 30 cycles. 

The batteries T and "K' of Examples 3 and 4 in accordance with the present invention maintained about 80% of 
the Initial value after 30 cycles. The batteries 'J" and of the comparative examples using the electrolyte including 
LiPFg as the solute showed a large decrease in the order of 30% of the initial value. The estimated reason for this is 
that, as stated above, the combination of the solute LiN(CF3S02)2 and the organic solvent EC is stable against the 
charge-discharge load also in the batteries of Examples 3 and 4, and that the solute LiPFg is unstable at a high tem- 
perature. 
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laoie o 

Battery 

Maintenance rate of electric capacity after 30 cycles (%) 

I 

78 

J . 

34 

K 

81 

L 

35 


10 


15 


In the foregoing examples, although almost pure lithiated manganese dioxide having the crystal structure of the 
Ramsdellite-type was used singly or in combination with LiMn204 or Li4/3Mn5/304 as the cathode active materials, 
mixed crystalline of these lithiated manganese oxides may also be used. Similar effects may also be obtained from 
other cathode active materials, such as mixtures or mixed crystalline of LiMn02 and substances, for instance, V2O5. 
^q0^2 0^^®'' ^^3" manganese. 

As discussed above, the present invention can provide a highly reliable organic electrolyte lithium secondary battery 
under severe overcharge-overdischarge conditions that maintains an exceptional electric capacity and manifests ex- 
' cellent charge-discharge cycle life and high temperature characteristics. 

Claims 

1. An organic electrolyte lithium secondary battery comprising a cathode made of a Irthium-containing manganese 
oxide, an anode made of metallic lithium, a lithium alloy or a graphite, and an organic electrolyte, wherein said 
lithium-containing manganese oxide contains lithiated manganese dioxide having a crystal structure of the Ram- 
sdellite-type, and said organic electrolyte comprises an organic solvent dissolving LiN(CF3S02)2- 

2. The organic electrolyte lithium secondary battery in accordance with claim 1 , wherein said lithium-containing man- 
ganese oxide contains LiMn204. 

3. The organic electrolyte lithium secondary battery in accordance with claim 1 , wherein said lithium-containing man- 
ganese oxide contains Li4;3Mn5/304. 

4. The organic electrolyte lithium secondary battery in accordance with any preceding claim, wherein said organic 
solvent is an organic mixture solvent comprising ethylene carbonate. 
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5. The organic electrolyte lithium secondary battery in accordance with claim 4. wherein said organic mixture solvent 
comprises at least 2 carbonates including ethylene carbonate. 


6. The organic electrolyte lithium secondary battery in accordance with claim 4 or 5. wherein said organic mixture 
solvent comprises ethylene carbonate and at least one selected from the group consisting of propylene carbonate, 
butylene carbonate, 1 ,2-dimethoxyethane, and dimethyl carbonate. 

7. An organic electrolyte lithium secondary battery comprising a cathode made of a manganese oxide including lith- 
ium-containing manganese dioxide having a crystal structure of the Ramsdellite-type, an anode made of a graphite, 
and an organic electrolyte comprising LiN(CF3S02)2 and ethylene cartwnate. 

8. The organic electrolyte lithium secondary battery in accordance with claim 7, wherein said organic electrolyte 
further comprises at least one selected from the group consisting of propylene carbonate, butylene carbonate, 
1,2-dimethoxy ethane, and dimethyl carbonate. 

so 

9. An organic electrolyte lithium secondary battery comprising a cathode made of a manganese oxide including lith- 
ium-containing manganese dioxide having a crystal structure of the Ramsdellite-type, an anode made of a lithium- 
aluminum alloy, and an organic electrolyte comprising UN(CF3S02)2 and ethylene carbonate. 

10. The organic electrolyte lithium secondary battery in accordance with claim 9, wherein said organic electrolyte 
further comprises at least one selected from the group consisting of propylene carbonate, butylene carbonate, 
1 ,2-dimethoxyethane, and dimethyl carbonate. 
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